Background: muscle activation measured by electromyography (EMG) provides additional insight into functional differences between movements and muscle involvement. Objective: to evaluate the EMG of triceps surae during heel-raise exercise in healthy subjects performed at leg press machine with different feet positions. Methods: ten trained healthy male adults aged between 20 and 30 years voluntarily took part in the study. After biometric analyses the EMG signals were obtained using a 8-channel telemeterized surface EMG system (EMG System do Brazil, Brazil Ltda) (amplifier gain: 1000x, common rejection mode ratio >100 dB, band pass filter: 20 to 500 Hz). All data was acquired and processed using a 16-bit analog to digital converter, with a sampling frequency of 2kHz on the soleus (Sol), medial (GM) and lateral (GL) gastrocnemius muscles in both legs, in accordance with the recommendations of SENIAN. The root mean square (RMS) of the EMG amplitude was calculated to evaluate muscle activity of the three muscles. After being properly prepared for eletromyography procedures, all subjects were instructed to perform 3 sets of 5 repetitions during heel-raise exercise using the maximal load that enabled 10 repetitions on leg press 45° machine, each set being performed with one of the following feet positions: neutral (0º), internal and external rotation (both with 45° from neutral position). The tests were sequential and applied a 5-minute rest interval between sets. The order of the tests was randomized. Results: thought had been found interaction (F=0.27, P= 0.75) on RMS parameters and feet position, the values of Sol muscle were significantly (F=17.86, P= 0.003) lower compared with GL and GM muscles independently of feet position. Conclusion: The change in the feet position during the heel-rise exercise performed in the leg press does not influence the activation of the triceps surae, and the soleus is less activated than the gastrocnemius in that exercise.
INTRODUCTION
The triceps surae muscle (TS) is composed of three muscles: lateral and medial gastrocnemius (bi-articular) and soleus (monoarticular) (1) . They are active on movements such as ankle plantar flexions and are also recruited during activities like walking, running, jumping, among others. Together, these muscles have had been considered as synergistic muscles in which different structural and physiological properties are combined in a unique mode, in order to supply movement demands (2) . The TS muscle are attach to the calcaneo tendon, and during maximal plantar flexion efforts, all three muscles are contributing to the torque output and to the amount of tendon elongation (3, 4) . The gastrocnemius (lateral and media) muscles across the knee and ankle joints and therefore, by varying the knee angle, the lengths of the medial and lateral gastrocnemius are altered while the length of the soleus muscle remains constant. In this way, its possible consider that myoletric activity of the muscle under investigation during different muscle action may be influenced by the joint angle or in different feet position.
Athletes and physical activity practitioners are concerned in training these muscles (5) (6) (7) . Muscle activation measuring by electromyography (EMG) provides additional insight into functional differences between muscles. Specifically, to the TS, several studies founded differences in activation during many modalities of exercise, such as cycling (8) , running (9) and resistance training (10) . Presently, the exercise used to TS on strength training are often observed performing heel raises with foot in three different positions due to rationale that altering foot positions assumes that the different feet positions will prompt different muscle activation on TS muscle, however, to the best of our knowledge there are few studies (10) that address this point on literature. In this way, considering that EMG is an efficient manner to provide objective rationale on which practitioners can base exercise-mode and intensity decisions the aim of this study was to evaluate the EMG of TS during heel-raise exercise in healthy subjects exercising at leg press machine with different feet positions.
METHODS

Subjects
A total of 10 trained healthy male adults aged between 20 and 30 years voluntarily took part in the study. The following criteria of exclusion were used: participation in current or previous regular exercise training in the last 6 months; recent hospitalization; symptomatic cardiometabolic or respiratory disease; cognitive impairment or progressive and debilitating conditions; marked obesity with inability to exercise; and recent bone fractures or any other medical contraindications to training. As inclusion criteria, men were aged 20 years or older and more than 6 moths of experience on strength training. The study was approved by the Institution Ethics Committee (2.100.780/2017) and all procedures followed the principles of the Declaration of Helsinki. The consent document was signed for publication of patient data.
Anthropometrics parameters
Height was measured to the nearest 0.1 cm using a Cardiomed stadiometer (Cardiomed Inc., WCS model, Curitiba, Brazil). Body mass was measured to the nearest 0.1 kg using a Filizola scale (Filizola Inc., Personal Line 150 model; São Paulo, Brazil). BMI (kg/m 2 ) was calculated as follows: BMI = body mass / height / height ¥ 10 000. All procedures were carried out by the same researcher.
Electromygraphy analyses
EMG signals were obtained using a 8-channel telemeterized surface EMG system (EMG System do Brazil, Brazil Ltda) (amplifier gain: 1000x, common rejection mode ratio >100 dB, band pass filter: 20 to 500 Hz). All data was acquired and processed using a 16-bit analog to digital converter, with a sampling frequency of 2kHz. Disposable circular electrodes (Ag/AgCl, Medical Trace  , Kendall Healthcare) with 10mm diameter were attached with a center-to-center distance of 20 mm on the soleus (Sol), medial (GM) and lateral (GL) gastrocnemius muscles in both legs, in accordance with the recommendations of SENIAN (11) . The skin was cleaned with 70% alcohol before the electrodes were attached. The root mean square (RMS) of the EMG amplitude was calculated to evaluate muscle activity (Sol, GM and GL) after the tasks. The mean of the RMS obtained in three tests was used to compare the influence of feet position on the activity of each muscle that was studied. All EMG signals were processed using specific routines in the Matlab program, version R2016b (MathWorks Inc., Natick, Massachusetts, United States).
After being properly prepared for eletromyography procedures, all subjects were instructed to perform 3 sets of 5 repetitions during heel-raise exercise using the maximal load that enabled 10 repetitions on leg press 45° machine, each set being performed with one of the following feet positions: neutral (0º), internal and external rotation (both with 45° from neutral position). The tests were sequential and applied a 5-minute rest interval between sets. The order of the tests was randomized.
Statistical Analysis
Data
) were used to calculate the effect size (12) . The interpretation was based on the values established by Cohen (12) : small effect (η p 2 =0.01); moderate effect (approximately η p 2 =0.06); and large effect (greater than η p 2 =0.14).
RESULTS
At table 1 is showed the anthropometrics profile. Figure 1 shows the RMS parameters of Sol, GL and GM muscle of both body sides.
It was not found a significant interaction on feet positions and muscle (F=0.09, P= 1.00; η p 2 = 0.005) as well as on feet position (F=0.27, P= 0.75; η p 2 = 0.003). However, the mioletric activity was different between muscle (F=17.86, Strength training effect is associated to exercise type, biomechanical muscle activation through load, repetition and sets, as well the training duration and fatigue resistance. The efficacy of weight training has strong relationship to muscle response that is associated to muscular activation with different resistance and contraction length, duration amplitude and limb position. The analysis of electromyography sign is an important methodology to muscle contraction performance of TS due to the importance on daily physical activity as well sports performance. Thus, this research aimed to analyze the EMG responses of TS in the heel-rise exercise performed on leg press machine with different feet positions. The main hypothesis of the present study was to test whether TS EMG signs of muscle conditions, is higher in gastrocnemius muscle compared with soleus muscle, independently of feet position. In addition, we also expected larger participation of gastrocnemius muscle activation compared to soleus, due to the knee position during exercises (extension) (6) . Our hypothesis was confirmed and our data suggested differences on electromyographic responses on gastrocnemius and soleus, independently of feet position. This data may be explained the different absence of conditions may be related to the joint movement necessary to modify the position of the feet between the variations.
Although it was previously observed that feet position change in the 3 experimental conditions showing that external or lateral rotation (feet pointed out), internal or medial (feet pointed inwards) and its neutral position (feet pointed forward) will impact on the hip position, evidencing that the hip movement in the transverse plane, will change the lower limbs movement, leading to small or no change in the position and movement of knees and ankles (13) . On the other hand, previous study (10) also reported differences between gastrocnemius activation with different plantar flexion position in extension knees exercises, showing that greater medial gastrocnemius activation in relation to the lateral one in the exercise performed with the foot turned outwards and greater activation of the lateral gastrocnemius in relation to the medial in the variation with the foot rotated inwards. It is important to emphasize that in the aforementioned study (10) , the exercise was performed in a standing position and not in the leg press, as in the present study.
The EMG activity of lateral gastrocnemius in unipodal squats performance with different feet placements (14) presented similar trend in comparison with our study even the neutral feet, plantar flexion, dorsal flexion, supination and pronation were different from those used in our analysis (standing in external and internal rotation).
In the comparison among muscles, gastrocnemius presented greater activation than soleus, regardless of exercise variation. Baptista et al. (15) observed the gastrocnemius activation presented 40.5% (lateral) and 31.7% (medial) higher in RMS value when knee flexion was controlled. Also, knee flexion implied to soleus an increase of 35.6% in RMS when the knee was extended. It is important to consider that the ankle plantar flexion performed in the leg press machine does not causes knee flexion. These findings were confirmed by Fiebert et al. (16) , that demonstrated higher neural action in submaximal contractions (and using different loads) at gastrocnemius, when compared to the soleus.
We consider that the length and angulation of the fascicles may help to explain the results. Considering that longer fascicles, GL has more sarcomeres in series and GM presents in its architecture larger angulations of the fascicles it may be favorable to force and velocity production (17) . Also, we may consider that similar muscle fiber composition is similar to GL and GM, what is not the same to soleus. It seems to be disadvantageous for structural and architectural to force and power response (18) . Thus, the data of the present study lead us to believe that the feet variation position in the heel-rise exercise performed on leg press machine is an ineffective strategy to alter the recruitment of the triceps surae muscle. The main limitations of the present study was the absence of separate analysis of muscle activation between concentric and eccentric phases, as well as non-achievement of maximal isometric voluntary action.
CONCLUSION
In conclusion, the change in the feet position during the heel-rise exercise performed in the leg press machine does not influence the activation of the triceps surae, and the soleus is less activated than the gastrocnemius in that exercise.
